Introduction
Condylar process fractures are common 1, 2 . A favourable prognosis has been reported when these fractures are treated by closed methods 3 . The ability of the ascending ramus to repair and remodel following trauma has been tested experimentally 4, 5 .
Callus formation, with simultaneous repositioning of the condyle, can lead to normal temporomandibular joints 5, 6 . However, there is some concern regarding skeletal changes, represented by mandibular asymmetry [7] [8] [9] .
The experimental model of condylar fracture, unilateral and medially displaced, allows the histological study of healing of fracture and articular sites 3, 6 , as well as allows cephalometric analyses of their effects on facial structures 5, 9 . This model follows the most frequent form of mandibular condyle fracture 1, 2, 10 .
Since its introduction as an antifolate agent more than fifty years ago, Methotrexate (MTX) has been widely used drug in medical, surgical, dermatological and pediatric specialties. MTX and its active metabolites have made a significant impact on the treatment of a wide range of diseases such as neoplasms, rheumatoid arthritis and psoriasis as well as being used as immunosuppressive agents in organ transplantation [11] [12] [13] [14] [15] [16] [17] [18] . The administered dose of the drug is the differential in a given treatment. High doses are recommended for oncologic treatment 19, 20 , while therapy with low doses are recommended for treatment of chronic inflammatory diseases such as rheumatoid arthritis and psoriasis 21, 22 .
The purpose of this study was to investigate the facial symmetry of high and low dose MTX treated rats submitted to experimentally displaced mandibular condyle fracture through the recording of cephalometric measurements.
Methods
The study animals (100) were 3-month-old Wistar rats, with a mean body weight of 339.8±47.8g. All animals were acclimatized for 1 week under standard laboratory conditions at a temperature of 25°C with a 12-hour light cycle. The rats had free access to tap water and an ordinary diet of rodent feed (Labina, Agribands Purina, Sao Paulo, Brazil), administered in powder form for 2 weeks postoperatively, and in regular form in the remaining period. The study was approved by the local committee on research ethics (Protocol 09/2009).
Study design
All drugs were administered intraperitoneally, according to the weight of the rats. They were divided into four groups of 25 
Cephalometric evaluation
Following formalin fixation for 1 week, radiographs in axial (dorso-ventral) projection of the skull were obtained, and care was taken to maintain the horizontal and vertical planes.
Radiographs were taken with a standard dental machine at 56 kV and 10 mA, with an exposure time of 0.4s. A constant 30 cm focus-to-film distance was maintained and periapical films were 
Statistical analysis
Results were analyzed using BioEstat 5.0 software 
Results

Macroscopic features
After the surgical procedure, the animals continued with food and water intake. Signs of drug-related toxicity (piloerection and lethargy), diarrhea (soft feces) and mucositis were observed showed the statistical differences between periods of sacrifice and is represented by different letters in Table 1 . and MTX high dose (p=0.285) groups (Figure 2 ). Two-way ANOVA showed that there was a statistical difference, on the left side, among the groups in the period of 7 days, but no significant difference in the periods of 1 day, 15, 30 and 90 days. Furthermore there was no significant difference among the groups on the right side.
Angular process to lower incisal point (AP-IP´)
The paired Student's t-test showed that there was a 
Skull
Tympanic bulla to infraorbital foramen (TB-IF)
Infraorbital foramen to upper incisal point (IF-IP)
The paired Student's t-test showed that there was significant difference between the right and left sides only in 
Discussion
When considering the use of MTX treatment for patients, it is important to know its effect on facial symmetry after experimentally displaced condylar process fracture. In this study mandibular condyle fractures were induced in high and low doses methotrexate (MTX) treated rats, and cephalometric mensurations focused on facial symmetry were taken. The final result was an asymmetry of the mandible, also with asymmetry of the maxilla in MTX high dose treated rats.
A series of published studies showed different doses of MTX and administration routes used in experimental models 21, [23] [24] [25] [26] [27] . An intraperitoneal administration route was selected since it is frequently used in animals and allows rapid absorption 21, 24, 25 .
A comparative study evaluated serum levels of different concentrations of MTX and observed that a 3 mg/Kg dose gave serum levels similar to the levels attained in humans following a standard "rheumatoid arthritis dose" 21 . Another comparative study evaluated a single-dose injection of 30 mg/Kg of MTX in tumorbearing rats and observed that it exhibited antitumor activity 24 .
In addition, a 0.15 mg/kg DEX dose in animals resembles anti-inflammatory treatment in humans 23 . It is difficult to directly compare these doses with those used clinically, because of the relatively elevated rat metabolism. The presence of a characteristic response to each drug suggests the need for further study to describe the effects of polychemotherapy 24 .
Our results show that after the surgical procedure, the animals continued with food and water intake. The treatment with high dose MTX showed signs of drug-related toxicity in animals as shown in a study that evaluated the impact of cancer chemotherapy on protein metabolism in healthy rats 24 . The animals also continued to gain weight but the cumulative body weight gain over the study was not significant in MTX high dose treated rats 9,24 .
An experimental model of condylar fracture, unilateral and medially displaced, which follows the most frequent form of mandibular condyle fracture and allows cephalometric evaluation, was used in this study 6 . Cephalometric evaluations from radiographs of specimens using a computer system, as in this study, lead to reliable measurements, reducing technical difficulties 5, 9, 28 . Distances found were similar to those noted in other experiments 5, 28, 29 . In the cephalometric evaluation it was possible to measure linear distances, and also the mandibular deviation, by measuring the angles α and Â 3, 5, 9, 30, 31 . From an experimental model, only cautious conclusions can be drawn concerning human subjects. There are differences in the temporomandibular joint form and muscular system between rodents and omnivores 5 .
Cephalometric evaluations identified significant
progressive growth of the animals. The distance angular process to lower insertion of incisor, in mandible, of DEX and MTX high dose groups, shared significant differences between the sides in the periods of seven and 15 days. The distance tympanic bulla to infraorbital foramen, in maxilla, of DEX group also shared significant difference between the sides in the period of 30 days.
The asymmetry between sides may be attributable to the drug treatment but there was probably a recovery over time because the only distance that showed significant difference between the sides in the period of 90 days was infraorbital foramen to upper incisal point, in maxilla, of Control group, and similar findings were reported before 5 .
Based on the results of the severe mandibular shortening, as well as maxillary shortening on MTX High dose group, it can be seen that the consequences on facial symmetry after condylar fractures in MTX high dose treated rats were worse than the ones in DEX, MTX low dose treated and healthy rats.
Facial asymmetry is a consequence of the unfavorable healing of condylar fractures 3, 5, 32, 33 and it is important to know the role of drug treatments in this outcome. Studies are being conducted in order to understand the effect of these drugs on the healing of condylar fractures.
Measurements of angle α were used to evaluate the mandibular deviation, with reference to the base of the skull, while angle Â measurements were used to evaluate the deviation of the median line of the mandible in relation to the maxillary median line. There was a tendency towards deviation of the mandible to the fracture side 9 . However, there was significance only in MTX high dose group, indicating negative effects on the fracture repair. 
Conclusion
The treatment with high dose methotrexate had a deleterious effect on facial symmetry of rats submitted to experimentally displaced condylar process fracture.
